. BLOOD 
CULTURES
Peripheral blood cultures (two bottles per set; 10 ml per bottle) were taken immediately before endoluminal brush sampling and were processed by the automated VITEK system (Biomerieux, Marcy l'etoile, France).
IN SITU CATHETER ENDOLUMINAL BRUSH SAMPLING
The sterile endoluminal brush (FAS Medical) was encapsulated in a polythene sleeve with a Luer lock, capped end piece, which attached to the hub of the catheter. The nylon bristled, discontinuously tapered brush (approximately 8 mm long) on the end of a stainless steel wire was introduced through the hub and passed down the catheter lumen in situ up to the distal end of the line, and then withdrawn into the polythene sheath. The brush was then cut off into a sterile universal container using the sterile wire cutting device supplied and sent to the laboratory for processing. In the case of triple lumen catheters the lumen used for TPN was brushed.
One millilitre of phosphate buffered saline (PBS), pH 7.4, was added to the brush universal container and the contents were sonicated for one minute at 44 KHz (Sonomatic, Jencons Scientific, Luton) and then vortexed for 15 seconds at maximum oscillations (Maxmatic Vortexer, Jencons Scientific). Aliquots (10 gl and 100 gl) of the PBS were inoculated over the entire surfaces of two 5% blood agar plates using a sterile plastic spreader (Technical Service Consultants, Heywood). Following overnight aerobic incubation at 37°C, colonies were enumerated and the colony count per millilitre of PBS calculated. Significant counts were defined as more than 100 colony forming units (cfu)/ml.
POST-REMOVAL CATHETER EXTRALUMINAL OR ENDOLUMINAL SAMPLING
Following endoluminal brushing, catheters were removed within one hour in 96% of cases, and within 24 hours for the remainder, and the tips sent to the laboratory for processing. We used versions of previously described, widely accepted methods to recover either extraluminal or endoluminal microorganisms from catheter tips. The semiquantitative extraluminal sampling method of Maki et al (Maki roll Conversely, coagulasenegative staphylococci were significantly more often implicated in line colonisation than in CRS (p < 0.001). We found that colonised catheters sampled using extraluminal and endoluminal methods yielded mixed growth in 17 and eight cases, respectively (in six cases mixed growth was obtained from both surfaces). The corresponding numbers of mixed growth episodes for catheters in cases of CRS were eight and six, respectively. The brush method was found to be the most sensitive and specific of the three techniques used for the diagnosis of CRS, using composite definitions to define these values (table 3) . Table 4 shows the relation between CRS or colonisation and the detection of significant numbers of extraluminal and endoluminal microorganisms, as detected by the Maki roll and Cleri flush or brush methods, respectively. Notably, it was rare to detect only endoluminal (4 of 22 episodes) or extraluminal (1 of 22 episodes) microorganisms in cases of CRS. In prevent contamination, these methods rely for their accuracy on the careful removal and processing of catheters, which in practice are often less than ideal. We found that the confirmed incidence of CRS was predictably higher in cases where there was clinical evidence of infection (16%) than in non-suspected patients (2%). However, our data confirm earlier findings8 9 that even when clinical parameters are used to select catheters considered to be infected, the majority (84%) of such lines are found to yield either no significant bacterial growth or to be colonised, when the results of the three study methods are combined. Hence, the majority of catheters removed on suspicion of infection are needlessly sacrificed, increasing costs and risk to the patient if new catheter insertion is required. This approach also increases laboratory costs because of the investigation of many culture negative catheter tips. Widmer et al"
found that the results of Maki roll cultures of 157 central venous catheters from patients on a surgical intensive care unit had no clinical impact in 96% of episodes, and in most instances (86%) a new line was inserted.
The colonisation rates, combining the results of all three techniques studied, were very similar in patients suspected and not suspected of having CRS (32% and 34%, respectively). There are several possible explanations for this observation. Bacterial catheter colonisation may have no clinical significance, or it may be significant but not clinically be detectable at the time of line sampling. Alternatively, our results support the theory that colonisation rates may be falsely elevated both in patients suspected and not suspected of having CRS. The colonisation rate as determined by extraluminal sampling (Maki roll) (92%) was approximately double that indicated by the two techniques measuring endoluminal bacteria (43% for both methods). The Maki roll technique is subject to contamination of the external surface of the catheter tip by exit site bacteria during line removal, particularly when localised skin infection is present. Such contamination during line removal may explain why the incidence of apparently colonised catheters yielding mixed growth with extraluminal sampling was more than double that obtained with endoluminal cultures (17 v 8 cases). With few exceptions, there was no attempt to disinfect the skin at the exit site before catheter removal, as such practice is difficult to achieve at the exact catheter entry point, may adversely affect the viability of (extraluminal) tip microorganisms, cannot be expected to influence bacteria or fungi in the subcutaneous tunnel, and is commonly not performed. Although the Maki roll method is highly sensitive for the detection of extraluminal catheter colonisation, it has relatively low specificity for the diagnosis of CRS. This is probably due to the use of too low a cut-off value (15 
